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Effact of Multipath on the Height-Finding
Capabilites of a Fixed-Reflector Radar System

Part I: Analysis

]
.‘$
A
3
s
X
A
s
A

I, INTRODUCTION

In this report, we present the analytical methods for determining the error
{due to multipath) in the altitude measuring capability of a reflector radar system
operating in a monopulse mode, In particular, we will study the case of a fixed
reflector antenna on which there are two separate horng in the focal reglon, with
the horn output processed (see Figure 1) in such a fashion as to give altitude

it e

Dk

5
s

\ ,
REFLECTOR—— o =
: .
. ‘z q
/ |
Q.':‘ - . - ¢ %
“Ne Tt HORN O ¥
. ,
N L0B
‘ ]
~Q . HORN | AMP +
‘Q("\'o' 3 — V ' .
_fe6 -
AMP ,

Figure 1, Monopulge Operation of the Reflector Antenna
(Received for publication 18 May 1976)
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! information. The analysis we will present here is valid for an arbitrary reflector
; located at an arbitrary height above the earth and for an arbitrary location of the

' two feed horns in the focal plane, In part II of this study, we will apply the results
developed here to specific radar systems.

2. ELEMENT PATTERN (NO EARTH - THAT IS, VACUUM)

In the Physical Optics Approximation (reflector much larger than wavelength)
the magnetic field scattered by a perfectly reflecting surface S is (see Silverl)

F LN e R TN Lt eI S VR
B ol ehd N e e A SR e YA n i

S et 2

. ) o-ikR
H =-3 ffdsmxgi)xv = (1)

S

where R is the distance {rom a point in dS on the surface S to the cbservation point,
n is the unit normal to the reflecting surface, and H is the incident magnetic field
from the primary source (horn antenna), Consider the system in Figure 2. The
reflector surface is described by the arbitrary function

%
)
2
&
T{%
{
4

[e

2= flx,y) . (2)

The surface integral in Eq. (1) ¢an now be written in terms of the projection of the
reflector onto some plane, as shown in Figure 2. If we denote the projected area
as §, then (since® a8 - dx dy {1 + (al‘/ax)z + (3?/03{)3] 1/2)

: /2
2 2 ~kR)
1 1 - .{e
T j]'dxdy [1+(m";) +<-—-g;)] (:axgg‘)xv(n ) N )
S |
0

D

1. Sn—\:m, S. (1965) Microwave Antenna Theory and Deslgn, Dover Publications,
Inc., New York,

2, Raplan, W, (1053) Advanced Calculuy, Addison-Wesley, Publishing Co., Iuc.,
Cambridge, Muassachusetts, :
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Figure 2. Assumed Reflector Geometry. Azimuthal angle ¢ of observer is not
shown : . )

where

n= [l \ (%5)2+(%2]1/2 V- | Co “'\-::‘ il )

aud %, ¥ and Z are unit vectors along the x, y, ¢ axes, Now

-ikR) : . elkR -
e e odlt CelkR oy € .

& “’S‘" (% 5in 0 cos ¢ +Fuln Osind + £ cos 0} ' (5)
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f in the Fraunhofer Zone. If we use (4) and (5) in (3) we get
- ~ of
é 21rR ff dx dy [( g T y'a—) Hi]
X [X sin 6 cos ¢ + y sin 6 sin ¢ + 2 cos 6] (6)
g + exp {-ikR0+ik(xsin9cos¢+ysin63ind>+zcos N} .
[ Note that in (8), the quantity z = f(x,y). From practical reflectors, quite often
: z = [(X, y) can be expressed as z = a(x) + B(x)y2 + 'y(x)y4. The problem now is to
calculate the incident magnetic field Ei due to the horn antenna. For the horn
j antenna representation, consider Figure 3, We characterize the horn radiation
p pattern by the electric field distribution (horizontal polarization)
~iks
: L3 e
E = ¢, I‘(wo)g(no) 3 (N
|
3 where ¢ o I8 the unit vector shown in Figure 3 and can be written as
x % s ¥ cos N~ 2! gin " ‘ (8)
and ¥' and 2! are unit vectors along y' and 2", Also R is shown on Figure 4 and is
given by
N
7 ; 1/2
3 Lo Y 2 2 Y- ¢
! 8, % llx xo) +y° e (2 z.o) | . {9) .
i From the geometry in Figure 4, it can be secn that )
3 i .
! : :
3 § X ~x X
2 3 ) Y -1 9 -1 __Sl Lo
i Vo * tun (2 - z) + lan (z ) (10)
E i o o P
4 [ :
| §
E ,
1 4 N, * tan” (—‘-1;-—2-) (11)
[+ -
i
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Figure 3. Horn Radiation Coordinate System
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IMigure 4. Cross-Soctional View of Reflector-Horn Geometry

wheve tan"! ts of modulo (- 5-, »,';-) From Eq. (7), we sce that we are assuming

Ei is horizontally polarized and e¢an be vepresented as the produet of the arbitrary

Ky

functions (that is, they can be anything we want them to be) l!‘(&"ﬁ) and g(no). Note
that g , ¢ and n,, all depend on x and ¥, as {y evident from Eqs, (9) to (11),
We nest have to caleulate the tncident magnetic field, This can be obtained
from (1) via :
g X

. - —_— — _.,‘».W* ‘ Y, %‘ st T . o - it .




B - Yo ) xgi . (12)
where fo is the unit vector shown in Figures 2 and 3, and Y ° is the characteristic
admittance of vacuum. In the (x!, y', 2') coordinate system shown in Figure 2,
we get

- -x' sin ‘/'o cos n +y' sinn  cos !//U +2' cos ¥ cos
- T * 2 ) 2 1/2 ' (13)
{cos® n, +sin® 9, cos® ¥ ]

so that in the (x', y*, 2') coordinate system

-iks
e

S
o

-ikso (14)

o e
=h Y, F(wo) g (no)—-——so .

H = Y FO) gl ) S—G X $)

where
, .. X' cos v, * ¥ sin ¥, tos n, sinn + z' sin q‘o cos® "o
() Ao ’
{15)
. 2 2 2 1/2
8, ¢ [cos™ 0, +sin® n, cos wO] .

Upon transforming to the (x, y, 2) coordinate system used in Iigures 2 and 4 we

have
hotaox +Boy+y°z , (14)
where
I )
’ o, L N - £ A ;
o8 ¥, cos p sin ¢ cod N, rsinp0
ao 2 A “ (17)
0 _
.z
3
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g - - sin wo cos 1, sin n 8 {
o Ao
cos ¥ _sinp +cosp siny cosx2 n

o A !
;

If we now use Eq, (16) in (14) and then use that result in (6), we get p

kY e F(\b)g(n)
B~ dxdy—— {A x+By+C z}

G gt L S i e B L T RN L e e ¢ e e

(21)

g i L e g g

~ik(s o-xsinecoscs -ysinfsing-zcos?)
‘e

i S e s R T

where

S

. ary | 9f af
Ay =cos (“'o % ax) sin 0 sin ¢ ("'o dy -8 ax) ’ (22)

‘:';}“rf'é' w5

i af af . af
Bo-cose (B +y By) +am9cos¢(a°—a—§-ﬁo-5§) R (23)

5 . - af
Coe-otnOotné (B +1,55) -sm0cosd (ug+,55) (24)
The radiated power pattern is proportional to

2
400, ¢>-p3 IR -—-(n XH) X H,*

(25)
- n"

. -*gs'-!i - By *
0

S

° where i {8 a unit vector in the direction of the cbuervation poiat, *ﬁ |

i oo
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If we use Eq. {21) in (25), we get

k2 Yo %

2 .
41°P, (8, ¢) F¢ Ygn )a ~ikp
Y = ‘[/. dxdy — 0 O e °
SO

Fb gt )B_ -ikp
+ ff dx dy *—2—5—-9——-9- e © (26)
0
So

FU_) g )C_ -ikp

+ ff dx dy—‘g?—.g__..__o_ e o
S (o]
o]

where

Posso-xsinﬂcoscb-ysinﬂsmqb-zws0 . 27

3. MULTIPATH EFFECTS

When the reflector in Figure 1 {3 located ahove the earth, the field at P wil]
consist not only of the direct comporent in Eq. {21), but also the multipath com-
ponent scattered from the earth, as ig indicated in Figure 5. In Figure 5 we have
denoted the transmittep altitude as d, the airplane altitude as h, and the grazing
angle of the multipath ray by ¢2. Also, a, ig the effective radius of the earth and
is agproximately equal to 4/3 of the actual radiug of the earth, We uge a, to
account for the refraction by the earth's atmosphere, In calculating the multipath
field we will, far gtmplieity, restrict our calculations to the ¢ = ¢ plane,

In order to calculate the multipath field, it ig firgt necessary to obtain expros-
Stong for the location t'g of the reflection point on the earth, and also for the graz-
ing angle ¥y, Using Section 2,13 i KerrS wo have

fa) h>q

gy oo i;- + P cos (9-51-) . {28)

ey

3. Kery, Donald (1965) Propagation of Short Radio Waves, Dover Publications,
Inc., New York, .
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~ " 3 -‘__',.,-/r' Rt WO - —— - — - e _ )
where
: . - 9 1/2
: p= ath+d)+ r ] s
(3)172 | e (5)
: 2a (h-d)r
® = cos”! __e_g___ s
L P
-1/2
o as?s,T
. D= |1+———pr— (29)
2 2 2
(1-87)+ T - 8,)
-1 h+d 1 2
¥g = tan , (30)
2 ( r ) 1+ TZ
r r
1 2
S, = ———75 . S, = ——=75
1 (ea /2 2" (200 /2
. 1/2
. d
. S = r T T f —— .
} 2a /% + (20 @'/ ()
reargtr,
For the dish higher than the airplane, we have
(b) d>h ‘ B
I'n * & + P cos (92..1'._!) (31)
2 2 3 ’ _
1/2
pe=try o (3]
T @2 e 2 '
' .1 128 (d = h)r
o = ¢co8 1 -—L-é-—-——- .
p
2 2 18
¢, @ tan ( : . (32)
2 T ) 1+T2
14
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oy . B s A o - N SRS, — e e s oo A+ e e o - - S - t‘ﬂ"
A
- ! ;
4
2 -1/2 ;
D= |14 —ot—r \ (33) 3
S(1 - Sl)(l +T)
r r 3
Sl =_ﬁ27'2 ’ Sz = __177'2 » . !
(2aed) (2aeh) k
1/2 /
=(h ;
T= (d) ’ S
ry=r-r, . ;:
:
Now from Figure 5, we see that i
r j
——l )
8, = 5, (34a) .j
6, =1 |
. =.;;. , (34b) ]
;
Ry = [(ag + &% + ol - 2a (a_ +d) cos 8,1 1/2 (35a)
s 2, .2, 1/2
*[(ag + ) +ag - 2a .(a, +h) cos 0,] . (35b)
i
Also ;1
%
2 2 2 LR
{a +d)*+R; -a LE
-1 (3 2 _g_! .
o' s gin -8 (36) 2
ZRa(ne + d) 1
i&
We can next write the incident magnetic field at the reflection point Q (see Figure 5) 1
“ - : )
ik k¥ e F‘N» )g(n ) ~ikis  +x8in0''-zcos6")
: HQ) = .__.R..._...._.. e
)
*{ApR+BY§+CY 2
f 15

B o
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= Hxx+Hyy+sz , 3N

where

af
cos o" (ao +‘y°'37) . (38)

AN
(o}

VIR TS VPSR S

f [
Bg = cos O (Bo + ¥ %;;) - gin o (ao-g—y - Bo%f?) . (39)

af
gin g (ao + o, E&) . (40)

cn
(o]

:
A
R
3
N
4
:

i)

i

Now we transform the fields to the prime coordinate system, which is shown in 7
l Figure 5. ‘We have the unit vector relationships i
4

X = X' cos (0, - 6) - 2! sin (6, -9 , (41)

and

LA SR NP PS TIPS R X P

2 = 3! cos (6, - &) + X! sin 9, -8) . (42)

Also, the unit vectors n and g directed along the incident and reflected wave
vector are

n_‘=:2'cos¢2-i'sin¢2 .

¢ AT ot O e N 0T e M 2 TR

r2 it b o it By e ki e i i

ng = 2! cos Yo + %' sin vy o (43)

Therefore, in the primed coordinate system

RGP SRR PR
s
-

H((P) = H, (&' cos (8, - 6) ~ 2" 8in (0, - 8)} + ny§'

it~ Sl
[V

i

e

C+ H, {2 cos (8, - 8) + X' ain (0, - 6))

(44) -

; = & [H, cos (8 = #) + H, sin (6, - 8)] +§' Hy

s b
o L e e S

+ (B, coa (6, - 8) - H_ sin (6, - 8] , L
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and the incident E field is

Y, E(P) = & Hy cos ¥, - y' [Hy cos (¥, + 0, - 8) + H, sin (¥ + 6, - 8)] ‘s
5

+ z! Hysin¢2 .

Now at the reflection point we have that™ (for perfect conductivity or very small
grazing angles)

(ER)Z' = - (Ei)Z'

(E s - (Ei)y.

R)y'

(Ep)y: = (E)y,

EAy)

(Eg),, means the x' component of Ep. Therefore

Y

. ~ - - p
———9-—'|p (%2)|D Ep=«& Hy cos Yy +y'{H, cos (U, + 0, - ) + H, sin (4, + 6, - 6) } s

(46)

> 1
-2t Hy sin ¥y

where [o (w2)| ~ 1 is the reflection coefficient at Q, and D is the spherical disper-
sion factor defined in Eqg. (29) and (33). Now, the reflected mnagnetic field is

Hp = Y np X Ep)

or
Hp
5 « X[~ H cosw cos(do + 8, - &) - H, cos dozsm(wz+9 - 8)
ot - .
+y Hy , 4n

+ E'[Hx sin ¥, cos (Uy + 6, = &) + H, sin ¥, aln (¥, + 6, - 8)) .

*We will agsume that the refiaction {s specular. 'This ignores the effect of diffuge
rel’lectkm and s valld providad the height ¢ of the surface buraps are such thnt

¢ <-~T where A © signal wavelength,
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R

N i
’\ We now use Eq. (42) to express _I_r_!R in the (x, y, z) coordinate system
! |

T TV RR R I TS S LEE CR I SN AN

2. _;
D = - Xcos (w2-92+6)[chos(¢2+92-6)+stm(¢2+92-6)]

+
y Hy

+ 2 sin (b, - 6, + 6)[H, cos (¥ + 8, - &) + H, sin (Yy + 6, - 8)]

Therefore, the multipath magnetic field at the airplane location is

-ikR
iky De 3 ¥ o) g(no) -ik(s o+xs£n9"-zc030")
Hp x> dx dy —5—e
S

-R= R, o

[+

(A E+ BTy +C2)

Now, from Figure 5 {t is clear that

(%-o" -6)+‘02+(§+w2)-v .

oor

&2*92 -,6 -~0"-0 R

18

{48)

(49)

! where

e Ra } RI +R2

{E and

s af

| Ay = = (ag + 7,35 ) cos {4y = 0y + 6) coa Wy + 0= 6 - ), (50)
B 5
f By = cos on (Bo * 7, g-;-,) - gin O (ao g—;—, - Bo 5!*) . (51)
|
- C"'-(a + ﬂi)amw -0, +8)coa (Yy +06, =8 ~0" (52)
% 0 o' Yo ox 2 72 et *

(63)
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".‘F’:S“:\;)iA;:v,v:nv,,-_—n;.&,._, S . i A e b i AT £ e et 41 ot St s Es
! | 51 Therefore
i / | af
| A= (gt vy &) cos y - 0,4 4) (54)
: ) Ly o _ o 8t
! B:)" = cos O (ﬂo +7° By) sin o (a ay - Po ax) ' (55)
_%
1 f
' Co' = (a *Y, 3,) sin (¥, - 0, +5) (56)
»é <
; ' We now obtain the total magnetic field at P by adding (21) and (49)
|
| F(é)gtn) -iks
i Brorant® - ff dxdy —5—= e
f{
4
; . i[ﬁ ol +A'"ve-‘g4]
i o o (57)
§
: +y [B et€ i ve-‘e“]
{ A o
i ig :
© . 2 1 B 4]
: 4 +z[(‘.'°e tCl've ’
where
= §ckixsin6+zc086) ,
‘ §q = kix ain 6" « 2 cos 01 + Ry - Ro) .
; ve bwplpap
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Therefore, the power pattern is (including multipath)

2 2
47°P,, (6) F(¢ )g(n) ~iks ig ~ig
-—1-2—:{-/[0——= ff dxdy —Z—2e % |A e 1+Ag've 4
o S °
o
i 2
FlY ) gln) ~iks £, '
1 + dx dy ————e @ B e “+Bi've
E o o
So
2
FY )g(n) -iks i -i
{ + ff dxdy-—o—j‘-—-o—e O[C e€1+C”'ve 54] .
! 8y 0 0
K
| (58)
i
; We now relate 8 and h, From Figure 5, we first calculate that
| RE=(a +d%+(a +n?%-2a_+dia_+h)cos 6 (59)
: 0 e e (] e T °*
o % P+ r
- i | 2.
i 8T=01+92— % -ae . (60)
Also, from Figure 5 we can relate @ and h via
a.+m?=R3+(a_+d?-2R (a, +d) cos (*V2-6+6) . (61)
e 0 e 0'"a
i Therelore
o(h) = sin"? (ag 20" - gy + 0 - B 8 (62)
1) = 8 + .
i 2R o“‘e + d)
Therefore, if we use Eq. (62), we can then use Eq, (58) to expresy PMO ag a func-
tion of the airplane altitude h rather then the angle 0,
. For feed horn at ("1' 21) ingtead of (xo, zo), we get for the power pattern

‘including multipath
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~ K T _
e e o - e s e s e e s - o 2 -
|
et
i
4
§
ar?p, (6) F(¥)g(n;) -iks, i€, -ig ]} ?
—g = dxdy—-——a———-e Ale +A'1"ve K
k°Y 1
(o] o (
i
j F($ )g(nl) ey [ -ig,] |2
+ dx dy ———" Bje “+Bl"ve 3
; . i
{ :
i i
i roey) [ty -ig,] | 2
J + dx dy Cie "+Ci've R
H °1
y % :
i {
i (63) ;
) iy
i where :
i
{ S CRER AP CRE N, RN
!
ij‘ X=X X :
! R Y Bl | -1( %1 |
| boten (21_2)“@ (21) ' .
§ ¢
wtan~t (Y
af
A = ( +* ax)coa 8 , (64}
Ate = fo, + 9, 2 cos (g, - 0, +6) (65)
1 17 Y1 5% 2" "2 ’
C,==s8inbla, +y al (66)
1 1 1 9x/) ¢
Cl" s o, ¥ ¥ .-a-t; gin (ul -0, + 6) (67)
1 1 "1ox 2 2 ’
ete .
4 SYMMETRIC REFLECTOR AND HORN PATTERNS
Let us now suppose that the reflector and the feed horn are symmetric in the
y-direction. That is, for the reflector surface z = f(x, y) we have
a1
N e M gy e e e - -
i e — . S




RN

1
i
!
f(x, =y) = Hx,y) . i
)
Also, for the horn y-plane pattern we assume %
g-n ) = gln,) . (68)
;
Then, we write Eq, (21) as (for ¢ = 0 plane) }
)
*b o §
2%R eikRo f 4 4 F(wo) g(no) -ik(s o-xainﬂ-zcos@) g
o = X y —————-g E
Ty~ s
kY, x, =¥, (%) ° :
- {x A (x,y) + y B (x,y) + 2 C, (x, )} ;
(69) ]
Xty y F
f f F(w )g(n ) ~ik(s o-xsinﬂ-zcose) 3
+ ————enle @ %
X, 0
b
o ix Ao(x, V+y Bo(x, y)+2 Cofx. » ., ;
L
where x, and x, are the coordinates of the boundary of the horn along the x-~axis 7{
and y, (x) is the coordinate of the boundary along the y-axis, as shown in Figure 6. :
1
i
y 3
‘ E
i
y*yalx) 1 -
" i
g
!
1.
¥
Figure 6. Projection of 2 » K(x, y) outo the x-y Plane !
) : i
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2
gl

Now, in the first integral in (69) we change y to ~y and use the fact that for
¢ = 0 [Note that o o(-y) =a0(y), 30(-y) = -Bo(y) and 'yo(-y) = 'yo(y)]

Ay =AY (70)
B,(-y) = =B (y) , (1) -
C (~y) = c.»m , (72)

sy =8 (y) , (73)
8lng(-yN = gin (¥ . (74)

j
i
This gives

27R 0 b yf‘ Fly Ygin) -ik( in6 6)
e gln =ik(s -xsinfd-zcos _ ;
—L =2 ]| dx dy —%—2-¢ . © . = _ !
iKY -8 J - 8 . .
[¢] 0 o]
' (75)

. {x A%, y) + 2 C.le, 9} .

Also, from Eq. (62) we have that

L e R e

AUy = Ay) (76)

By'ey) = -BUNy) ()

LNy = CYy) (78)

R TN

Therelore, from £q. (26) we get for the vacuum pattern j
VALY é
2 I“W )l(n ) ~lkp,
P (6) e 7
~—--—Q---i 0 -
Ky
0 -
(79) 3
Y, ylx) 2 ,
(e ) gtn,) -ikp *
+ dx dy ———s ¢ @ 9 .
- 8, 0
x, 0 :
a3
\ ¢ «n-..--v-u...,..‘..m...; "“WW-—-’ - — : --«—"«-—-—-—uus.. ='__,_- . m_ \* »..‘ “ e e v ce——— — A i np
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where

po=so-xsin9-zeose .

Also, for the case of multipath and spherical Earth Eq. (58) becomes

e it A SEuES o e P AT SV AN AP AN o B Pt

3 y. (x} 2
oY S R AL TN R i€,
e f dx dy —————— lA e "+AMve
3, o
k Y x
a
:
Xy ¥ (%) §
F(\b )g(n ) -ikso i
+ dx & (80) 1
L 0
2 i
-!
ig - 5
'[Co" 1+c;)"ve“34] :
The resulia Plle(h)] and pMIIG(h)] , which we would get for the case when the feed j .
horn is located at (xl, 0, zl) instead of (xo. 0, zo), can be obtained from Eqs. (79) %
and {40) by replacing Uge Mg P 84 Ao' Co AGN CU' by Uy, 0y, Py 8y, Ag,
C,. AP, Cp
a check on the validity of Eq. (80), we can consider the limit when
§uydy=0 (see Figure 7). In this case, we kuow that because the electric fleld is _
hc.x‘uomally polarized, the power pattern at 9" = =§ ghould be zero., In this case, g
we find (for a, =~ ) ; .
62 a 91 2 0 :::
Byt By
€ e 'E ) ‘
N 81y
LA Iy B
Ao "\0 s ‘
C.:)lrl ) ..Co R :
val .
: : 3
S0 that upon usiag the results of Eq, (81) in (80) givey :
Pyt » -0" = =6 20
Y
ag expected, t
3¢ -3
b
;
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5. FURTHER SIMPLIFICATION

If we now substitute for Ay Co Ay, CU' ete. in Eqs, (79) and (80), we ¥
obtain the .foucming simplified resulta: :

e D T B S P S b L 0 et

" P (0)
=52 1 (elt“'
kY

(82)
o]

KIRSERESE. QI A ¥

2,
PMO“”

= 1 (e)lz + v“lI {o ew)l3
O

(83)

“29.008 (Y.~ 0, % &« 01 Re(1 (O(-0) o!KAR)
wheve

‘ -' m o) BNy ot
. l."@)‘[ f EN (‘*o”e'é?s)

a (4]

(84)

£
3
%
5
3
3
i
N

exp (-tkis, - % Bin 0 = 2 cos B}
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i

OR =Ry =R =R +R,-R_,

and

[P

‘.' ; Re denotes "real part of,"
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; 6. ERROR IN ALTITUDE DUE TO MULTIPATH

PO RS

In the absence of multipath, it is possible to obtain information on an airplane
altitude by placing two horns on the reflector system as shown in Figure 1, and
then operating the system in a monopulse mode, In the absence of multipath, the
voltage V(h) (see Figure 1) {s given by

V(h) = K{log P, (h) - log P_(n)]

(85)
P,(h)
= K log [F;fh_)] .

(ks AR et e e 2 B

AT b e g KA e 2 A S e 3 gt AL i gk, 1y N A WA e CAIAD bt i s R s 3 e o ST 4 okt e
-

‘ where K is a constant, Pl(h) is the power pattern due to the horn at (xl, o, zl).
,e and Po(h) is the pattern (see Eq, 82) due to the horn at (xo, 0, z o). A typical

curve of V versus h (for a given airplane range r) is shown in Figure {a. Now,

‘ o ¢ because the measurement of V has some error AV in it, there is a corresponding
| error in our calculation of thz airplane altitude I, This is indicated pictorially in
Figure 8b,

o BTt

DA i s g e e S 3,

The inclusion of multipath compounds our problem because now

5 M Py, (h)

L : . W M .
= . V() = Klog [PMO“')] . (86)

This leads to an additional error AVM given by

A At b

. “PMI(II) [P, (h) i
AVM + K log _W - K log PO‘h) !
(87) i
| Pyth) - Pygth)
26
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Figure 8a. Plot of Qutput Voltage V Versus Target Altitude h in the Absence

of Multipath, Showing How Measurement Error AV Leads to Altitude Error
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A typical measurement of VM(h) is shown in Figure 9a for a fixed target range r. ¢
f-: The envelope of AVM is also indicated on Figure 9a, Let us suppose that the error §
4 for a given h, say hl' is AVM(hI)‘ We then plot this error on Figure 8a to obtain-
the result shown in Figure 9b, By using Figure 9b, it is possible to calculate i
3 curves of the error Ah (due to multipath) in altitude versus altitude h for a number
’ of different target ranges. A typical result is shown in Figure 10a. It if often i
: convenient to plot the results in Figure 10a versus range with altitude as a param- wﬁ
z g eter; a typical result is shown in Figure 10b,
3 { In part 2 of this report, we will employ Eqs. (82) and (83), ete., to present ,,,
; ' i curves of the error in altitude Ah versus h and r for specific radar configurations, -4
;j i
}
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